Abstract. In the present work we investigate the possibility of superluminal information transmission using quantum systems. We give a general argument to prove that local actions on general entangled system are not useful at the purpose. A protocol for superluminal information transmission that makes use of a kind of observables we have discovered is proposed.
Introduction
It is well known that EPR-like experiments open the question that classical postulate on locality of physical actions may be wrong. Anyway non-local wave collapses and the relativistic assumption that information can't travel faster than light seems to co-exist peacefully. In what follows we prove that using local physical action a quantum system, even an entangled one , can't be used to transmit superluminal information between two parties but we also prove that superluminal transmission could be achieved using special kind of observations.
Communication using a quantum system shared by two parties
Let be A and B two parties that share the possibility of acting onto two spatially separated parts of a quantum system represented by a vector |Ψ in a Hilbert space H. We assume that the Hilbert space admits a discrete set of vectors as orthonormal base and we assume that the vector |Ψ could be write as
where ⊗ is the usual tensorial product; {|i } and {|j } are ortho-normal base for the Hilbert spaces H A and H B associated respectively with part A and part B .
A wants to send to B a bit of information, say "yes" or "no". What A can do to achieve this is to use two distinct procedures that will encode "yes" or "no" in the quantum system. These procedures could be build using only local physical actions of the form
or of the form 
where B is a self-adjoint operator on H B and 1 is the identity operator on H A . Obviously these procedures must be fixed before the transmission. The expected value for the quantity measured by B must change in function of the procedure adopted by A: in this way the bit could be encoded and extracted from the system. We show that neither operations of the kind (3) neither operations of the kind (2) could be used for our purpose.
In fact suppose that A uses operations of the kind (2) to encode the bit and B uses operation (4) to decode. Let {|j } be the base for H B constituted by the eigenvectors of B and write |Ψ in the form (1) .The encoding procedure transform |Ψ in |Ψ ′ . The action of A on the system is represented by
At this point B must decode the bit from Ψ ′ using 1 ⊗ B. Let calculate the average value [B] measured by B:
where we had made use of the relation U † U = 1; λ j are the eigenvalues of B and P rob(B = λ j ) is the probability that B have to measure λ j when the system is in the state Ψ. We can see that the choice of U doesn't affect the value of [B] that depends only by the initial state |Ψ . Suppose now that A uses operations of the kind (3) and B uses operation (4). Let {|j } be the base for H B constituted by the eigen-vectors of B and let {|i } be the base for H A constituted by the eigen-vectors of A and write |Ψ in the form (1) . The action of A on the system transforms the pure state |Ψ = ij α ij |i ⊗ |j in the mixed state
The average value [B] measured by B is calculated by the formula (see [1] )
1 Obviously using unitary transformation to encode will take some fixed amount of time. Anyway the distance between the two parties may be freely set to achieve arbitrary fast transmission
where tr() is the trace operator. Than we have
and so the choice of A doesn't affect the value of [B] that depends only by the initial state |Ψ .
Information transmission using non-local measurements
In this section we propose a protocol for superluminal information transmission that use special kind of measurements. Suppose that a quantum system, say a particle, is in the state
where |A and |B represent the spatial localization of the particle and |↑ is the spin of the particle. Suppose that a measure on the position of the particle is done in the following way: we observe if the particle is in the location A. This action is represented by the projector |A A| ⊗ 1 where A| has the properties (9) A| A = 1; A| B = 0
In this way observing the state (8) using |A A| ⊗ 1 will transform the state of the system in |A |↑ or in |B |↑ with equal probability. Analogously we can define a projector |B B| ⊗ 1. Let construct a new projector
A + B| has the properties
In this way observing the state |A |↑ using
A + B| ⊗ 1 will transform the state of the system in
(|(A − |B ) |↑ with equal probability 2 . After this we make another projection of the kind |A A| ⊗ 1 and whatever was the state leaved by
A + B| ⊗ 1 we will find the particle in the state |B |↑ with probability 1 2 . Because the state of the spin is leaved unchanged it could be use to encode a bit of information: in this way we achieve with probability 1 2 the transmission of a bit from a location to another one. Using a large collection of particle will permit us to raise this probability as close as we want to 1.
(|A − |B )) where
(|A + |B ) and
are the eigen-vectors of projector
Conclusion
We have shown that superluminal transmission of information using quantum systems could be implemented only if we assume that measurements of the kind (10) are physically possible. It is worth to note that the first protocol that fails to transmit information doesn't use matter transport. This may reinforce the hypotheses that classical information could be transmitted only by mean of matter transport: this is exactly what happens in the second protocol. Obviously if we assume that superluminal information transmission is physically impossibile we impose some restrictions to the possibility of associating operators with observables. Anyway there are really not good reasons to exclude measurements of the kind (10). In fact they are just projection on possible physical states.
